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Abstract B^&d on the hypothesis th*t sWn barrier impaimicnt is a 
cojjtrifautor.to 5idc-effects associated with.retinoic acid £h«rap7, a 
doub)^bIind,.placcbo-cOilt)i:oUe4 pilot study cramiiicd the 
cambiiicd.use of rctinoic acid with inyristyl aicotiiiatc (MN), a 
lipophilic derivQoye pf niacin th*t eAhancci skin barrier fraction, 
in f^Jjale subjects -with mild to mt^uxate fadal jjhotodamagc The 
Study involved a i -month run-in pedod v^^th placebo or MN prior 
to initiatioo of rctinoic acid therapy for 3 Months, Analysis of skin 
.biopsies revealed that retinoic add; therapy resulted in stratum 
cQrn«im thinning of apprOXi33iatcly 25%. (P = 0.006 versus 
baseline) that was.anicliOfaced hy..MN.nsc (P < 0.005). Therapy 
resulted in an increased rate of transepidermal wata- loss (TBWL) 
of approximately 45% (P = O-OOl vttw baseline) and use of MN 
protected agaiiist thp increase m TEWL with the StrOQgcn 
protectiDn pirovidcdby.prior use of ^IJ^ (P. = versus 



placebo). IMN use reduced the incidence of side-effects of the 
tibierapy and again prior use provided tfae g;rcatcst reduction of 
side-e^cts. Subjects showed gtatisticaUy sigmflcam clinical 
ijOaprovemenC (P < 0-05^ versus baseline) duixcig the study: MN use* 
did jwjt interfere vnth any dinical iwo^wovement parweters and^ ' 
improved effects on temple laxity (P 0-01 versus placebo) " 
Analysis of changes \jX epidermal thidb»cs% Ki67-po5itive cells and 
intensity of loricrin staixxlng dcmonsttated that MN either 
improved or did not interfere with retinoic add eflBlcacy. Tliese 
results show that piior and concurrent use of MN c2.tx mitigate 
barrier impainncnt and' improve the loIerabiUty of rCtinok acid ■ 
therapy for fecial photoidariiagc vftthottt 5»tefferijtig with effitacy: * 

Key words; fiidal photodamage - myristyl nicotinate - retinoic 
add — skin barrier fun^on 



Fl^ cite tfm paptr as: E*^ pf myp^ t6c^ii»-^^ retmoic W thei^ for fcdal photodamage. Experimnital Dermatol^^ 2007t 16; 927-^5. 



introduction 

Retinoids, the natural metabolites of vitamin A and synthetic 
vitamin A analogues, arc important regulators of skin fn^c- 
tion (1). Ail-rrfln^-retinoic acid (vitauogjua A add), the major . 
naturally occurring biologically active retiaoid, has been a 
focus of research into topical^ treatments for phbtodkmaged 
skin for many , years. KUgman et al. reported that retinoic 
. acid could .produce. &mooth!?r, kss ^yrinkled and less pig- 
mented skin al^.a few monjixe of treatment (JZ). Retinoids 
have proroinent pharmacological cflfects in both epidermal 
and dermal compartm^t$ (3r^)- Jto tfae epidermis of chroni- 
cally photodamagcd skin, long-term topical retinoid therapy 
results in do5c-dependent increases in epidermal and granu- 
lar layer thickness, stratum corncum compaction, decreased 
melanin cooteni and improvement of epidermal atypia 



Abbreviations: MN, myristyl nicotinate; T£WL, transcpidennal 
waterloss. 



(1,5_7); ReBjibids ' Induce prolifOTtion in kcratinocytes* • 
presumably mediated by epidermal growth fector receptor 
activation resultihg in epidermal hyperplasia (8). Retinoic- 
add-induced cjcpression of keratins K6, K16 and K17, which 
axe commonly d3q)resscd in the hyperproliferativc epidermis* 
indicates Aat retinoids incif ease cell proliferation in the basal 
and/or loWer spinous layers of the epidermis (9). Retinoids 
also can lighten hypopigmented skin» reduce tyrosinase 
activity in cultured tnelanocytic ceUs (10.11), inhibit prolifer- 
ation and lipid synthesis, aiid aher keratin expression in 
cultured human scbocytes (12). Dermal effects indude 
increased fibroblast proliferation (4), increased collagen pro- 
duction (13) and reduced extracellular matrix degradation 
(1). Prolonged use of retinoic add significantly increases col- 
lagen matOT deposition in dermal repair zones apparently 
responsible for the wrinkle reduction that accompanies 

rerinoic acid.treatm_ent of photodamaged skin (5.U). 

While retinoic add provides multiple benefits to pho- 
todamaged skin (11), it is frequently accompanied by 
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. s^nificant skin irdtatipn that Kjnni^'compHaxxcc with ther- 
apy (14). Th€ most commoniy r<iported retinoic acid treat- 
ment-related ad\TJ5e effects are imtation, dryness, peeling, 
erythema, arid a sensation of bumk^ 
mechanisms leading to retinoid sidcrcffects are still incom- 
pletely understood, but retinoic acid therapy is known to 
impair barrier {unction as asse$$ed by transepidcrmal water 
loss (TEWL) measurements (15). Barrier impairment has 
been attributed to retinoid-induced epidermal hyperplasia 
(16) and to alteration of the terminal differentiation pro- 
gramme (1). Brythema, which reflects the production of 
epidcrroal cytokines such as mtcrleukm from 
retinoid-stiro^ keratinpcyte projiferation (Srectly or as 
a consequence of epidermal ijarrier impairment (17>I6). 
Retinoid-induced stratum corneum thinning,, often referred 
to as compaction (6^7), is likely relates! to barrier impair- 

. ment as stratum corneum thickaess.is a major determinant 

. of barrier function (19,20). 

Myristyl nicotinate (MN), a niapp derivative developed 

. for . optimal . topical delivery., of nicotinic acid to skin 
(2122), has been shown to enhanc? epidermal differentia- 
tion in photodamaged skin» resulting in increased stratum 

. corneum and epideimal thickness., and. enhanced barrier 
function (22). Based on the hypothesis that barrier impair- 
ment contributes to the sidc-effeas of retinoic acid therapy, 

. we. report here .the results of a double-blinded study simul- 
taneously usic^ a placebo or MNTContaining skin cream 
with retinoic add therapy, in subjec:ts with mild to moder- 
ate facial photodamage. The results demonstrate that con- 

!!.comitant use . of MN mitigates retinbic-add-induced loss of 
. barrier , function and improves tolerability without interfer- 

. .ing with the efficacy of retinoic. acid. Finally,, we report that 
1-roonth use of MN prior to iioitjatioA of retinoic acid 
therapy provides additional barrier' protection and tolera- 
bility of retinoic acid without interfering with, and in some 
cases, improving efficacy. 

Methods 

This study was a 12-weck randomized, double-blinded, pla- 
cebo-controlled evaluation of the ejffects of a 5% MN for- 
mulation on surrogate markers of .barrier , function, clinical 
and sensory irritation, .and.cliidcal.cjEEcacy associated with 
.retinoic add use. The study, was' conducted (July 2005 
to December 2005) by a contract research otganization, 
.Thomas J. Stephens & AssQ^ates (Colorado Research Cen- 
ter, Colorado. Springs, CO, USA), Healthy adult female 
subjects between the ages of 30 and 60, with a score of I to 
. ...IV.on the Fitzpatrick Slfdn .Clas.sific.ariqn.(23), mild to mod- 
erate photo damageid skin, as defined by a modified Glogau 
Qa^siJ&cation of I to U (24), and presence of dyschromia 
on. the face as determined by a Woods light visual scan, 
were eligible for the study/ The . mean of the smdy 



population -was 43.4 ± 6-96 years and induded 86.7% Cau- 
casian, 8.3% Hispanic, 17% Asian 'and 3.3% 
ties. Subjects were randomly assigned ' to one of three 
groups of 20 subjects each [group 1 received placebo for 
1 month prior to initiation of " retinoic " add' therapy" ' 
(baseline), then placebo and retihoic add (0,025%) from 
baseline to 12 weeks (P/P + RA); group 2 received placebo 
for 1 month, then MN (5%)' arid retinoid acid (0,025%) ' 
from baseline to 12 weela (P/MN + RAJ;" and group" 3 
received MN (5%) for 1 month, then MN (5%) and 
retinoic add (o:025%) * from' baselitie to 12 weeks 
(MN/MN + BA))- The dose of retinoic add Was 0.1 g in 
all cases. This dose "of retinoic add was chosen ' for this ' 
smdy as the subjects Had imld to moderate phbtodiinage. 
Subjects also were provided with Cctaphil® liquid deanser 
and NcutTogcna Ultra Sheer 5PF 30 sunscreen to use for 
fadal cleansing and sun protection during the entire course 
of the study. Subjects applied the assigned test moisturizers 
at ^-5 mg/cni^ [MN (5%) or a placebo that contained myr- 
istyl myristrate in place of MN] to the "entire face twice a 
day after deansing. During the usage phase of the study, 
subjects applied the retinoic acid (0.025%) to the J&ce after 
test moisturizer application once a day in the evening. 

The study was conducted in accordance with the applica- 
ble Good Clinical Practice regulations and guidelines and 
Institutional Review Board regulations. AD subjects were 
required to read and si^n an JR3-approved Informed Con- 
sent Form. The sample ahse was determined empirically. 
Each subject who qualified for enrollment was assigned a 
subject* number that was 'used in all documeutatibii. The 
numbers were unique and were assigned in ascending order 
usijD^ a computer-generated randomization schedule devel- 
oped by the contrad rejearch organization. The numbers 
were concealed until after the intervention was assigned. 
The contract research organization enrolled and assigned 
subjects to groups. AH parddpants, those adtnjUustering the 
interventions," .and thosej .asses'siiig the ' outcomes' were 
blinded to group assigimient. Analyses were not by 'inten- 
tion-to -treat* but only on . those .who., coinpleted the study. 
Analyses were restricted to subjects with complete data sets; 
thus, the n for some measures differs slightiy because of 
missing data points for a given individual. 

Panch biopsies 

A board-certified dermatologist collected a 2-mm punch 
biopsy from the right or left side of the face for 10 randomly 
selected subjects from each gJ^oup at baseline and after 
12 weeks of treatment. The punch biopsies were formalin- 
fixed, embedded in paraflBbcu cut into 5 /im cross-sections, 
mounted on slides, and staiiied witii haemato:3Kyiin-*osin 
(HficE). Tissue inicroari-ay? were generated using 1.5-mm 
cores frnm formalin-fixed, paraffin- embedded skin punch 
biopsies by the Tianslatidnai' Genomics Research Lbstitute 
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Tissue Microarray Core Faciliiy if GEN, Phoenix, A2, USA). 
Thixty 4'/im slices from each gurxay were, cut, mounted oxito 
glas^ slides and immunohistochemistry was performed. 

TEWL roeasurcments 

Subjects were reqiiiced to equilibrate to ambient conditions 
for at least 20 min and v/ete maintained between 66 and 
Ji'p. .and a relal^ve humidity... between 15% and 55%. A 
Dcrmalab instrument was used to measure TEWL at two 
points above , the skin surface,, and the rate of vratcr lo$s 
was. calculated. .Each TEWL . measuremejjit was averaged 
over a l-mi0 measurement period. 

^ Image analyses. 

Histological images were taken of H&E-stained cross-sec- 
tions with an Olyuapus inviertcd stage microscope using a 
lOx by. 0.45 Apochromat objective and a Nikon digital 
CCD. camera. ImageJ image analysis software (NIH) was 
used .tot examirie the images and perform measurements. 
. Suprapapillaiy epidermal .tlucfcness (as measured from the 
. top. of the dermai papiUa^o the top o£ the granular layer) 
. and stratum corneum thickness (as measured from the top 
of, the granular layer to the top of the stratum corneum) 
.wexe.measu^^ For each, spedjtnen, five different sites were 
measured and the average wa$. calculated- 

Immimokdstoclijeimstry analysis 
Iraxnuiwhistochemistry was pejcformed using the Discovery 

, XT autostainAC by Ventana Medical Systems, Inc. (Tucson» 
AZ, USA). Diaminobejcucidine detection solutions, the Ki67 
antibody and the haematoxylin counter stain axe proprie- 
tary reagents supplied by Ventana Medical Systems, Inc. for 
use on.hutnan tissues. Loricrin polyclonal antibody (PRB- 
.145P; Covance Research Products, Berkeley, CA, USA) was 

.. used.at .a .l:W dflution, Histo^^ images were taken of 
Ki67 and loricrin-stained cross-sections with an Olympus 
inverted stage nucroscope using a lOX by 0.45 Apochromat 
jpbjective and a . Nikon di^td; . CCD. camera. After acquisi- 

. tion with a digital camera, the image BJes were analysed 
.using Photoshop (Adobe, .San Jose, CA, USA). For the 
Ki67 analyses, a line was drawn on the electronic images to 
demarcate the epidermis in two equal sectioiw between the 
basal layer and the stratum corneuiru Stained cells in the 
..low^. half .Qf the epidermis were rnarkcd with a red dot 
while .unstained cdls were .marked with a green dot. Prolif- 

. eration index was calculated as the .total number of stained 
ceils divided by the total number of cells in the sectiotL 
For quantitative an?ilyses.,pf Ipricrjbti staii^ tfae method of 
Matkowskyj ct al. was used (25). Briefly." the 'Magic Wand 
tool' of Photoshop was used to select the entire stained 
region of the histological image. A threshold tolerance 
.value, of . 30. was.used .Jfp.i:. .titiis tool to capture all pixels 
feUimg within the threshold parameter selected, which was 



retboved from the original Image, j>laced in a new non- 
compressed TIFP 6Je, ' and saved as the stained image. The 
original rainus the stained region was saved as another 
non-compressed TIFP file as the unstained image. The 
amount of antibody, staining was .quantihed using the 
TIFFaly2£r program (University of Illinois Medical Center) 
outputting a ROB value between 0 (black) and 255 (white). 
Each deconstructed TIFF image, stained and unstained, was 
processed and an RGB value obtained. The final image 
energy was calculated by subtracting the stained image 
value from its unstained counterparL 

Clinical grading of tolcrability and efficacy 
Subjects were clinically graded on the right and/or left side 
of the fece for cfficacy/perforraahce parameters and irrita- * 
tion/safety parameters at baseline and weeks 2» 4, 8 and 12. 
For tolcrability assessment, parameters of scaling/peding 
and degree of eiythema were graded on a 3-pbint scoring 
•system. The graders also questioned "each subject at each 
scheduled visit and recorded the occarrencc of tightness/ 
dtynesSi stiE^Lnig, burning aiid tiiigliiig side-effects. CJiiiical' 
assessment o^ ciEcacy was assessed on a 5-poiiit scale of five " 
parameters associated with efficacy of retinoic acid therapy 
for fecial photodamage that ihidiaded dyschromia,' fine lin^» 
sKaUow wnnMesV tactile roughness 

Subject sdf-assessihent of efficacy 
5 elf-assessment qucstioxxnaires were administered at the 
compledoh of the study that recjujEstcd study subjects to' 
respond to qucstiohs with one of five choices (stror^ly 
agree, agree, neither agree nor disagree, disagree, strongly 
disagree) concerning their perceptibii of a decrease m sighs 
of ageing, disappearance of fine lines, increase in smooth- 
ness/softness, improvement in skin radiance and increase 
in healthy appearance of the skin. 

Jndusion criteria . 

Eligible subjects were females between the' ages" of "30 and 
60 who wtre in generally good" health' as detemuhed bjr'a 
health assessment questionnaire. Subjects were required to 
be willing to avoid direct sun ejposure and the use of 
tanning beds for the diiration'of the study. ' 

Exclusion criteria 

Individuals were "ineligible for this" study if, in' the opinion 
of the investigator> they had known allergies or" sensitivities 
to products that may have influenced the study; exhibited 
any skin disorders on the test areas of the fece that may 
liavc influenced the study; had known medical "cdhditiohs, 
such as diabetes, that could affea wound healing; or were 
using thedicatibns fHat jnight have influenced the study 
(e.g. prescription strength steroids, prescription strength 
anti-infiammatory drugs or topical medications). Subjects 
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were indigible if they wcje pregnant "or jaurAing. Odier 
exclusion criteria mduded hypertension or uncontrolled 

. metabolic .disease, . atopic diseases such as asthma, atopic 
dermatitis, of the &ce,. arms or han4s; knovm sensitivity ro 
alpbav.^*i4 beta-hydroxyadds; use gf products containiag 
hydroxyadds or retinoids sudx as Retin-A® Reaova®, 

. microdermabrasion.. . treatment, or .-f outinely used alpha- 
hydroxy-acids, beta-hydroxy^add . or poly-hydf oxy- add 

I, products .>yitiiin. 1 .month of the study start; routine use of 
skin lightening products within 1 inpnth of study start; had 
ablative and non-ablative laser treatments as well as Ther- 
mage treatjnents on the face or arms; had a lunchtime' 

[ fedi^J .:peeL witlun. last .year ox: currendy enrolled on 
another fkdal usage smdy, 

•••Results- 

Myxistyl nicotinate prevents reiinoic 
acid-assodated stratum comeuin tlmming 
Haematoxylia-eosin stained sections from periorbital 
biopsy samples obtamed from study stibjeas at baseline 
. and 12 weeks were used to determine... stratum comeum 
thickness (Fig. 1), At baseline, the mean stratum comcum 
thickness of the P/MN + RA group was sU^tly hi^er 
than ^e P/P + RA gjroup, although the difference was not 
statistically . significant. The mean thickness of the 
: MN/MN 4- RA group at basdine. yteh had been treated 
, for X monih with. 5% MN; ajjproximatcly 11% higher 




RunlPi 



p P MN 

PtM" MN^RA m*M 



Figure 1. Effect Of rriyristyl nicotinate (MN> on stratum corneum 
thickness during retinoic actd therapy. Biopsy samples from the 
periorbitai regions were obtained at basetln« and U weeks. 
haematoxyHn-eosIn (H&E)stalned, and .analysed for stratum corneum 
thickness (n ^ 7). Open bars reprassnt the,P/P group (P/P + RA). grey 
bars represent; the P/MN group (P/tAN + 'RA). and black bars represent 
the MN/MN QfDup (iyAN/MN + RA). P'= placebo. "The letters in 
parenthesis before the slash describe the 30 day ninln aeam and 
those after the Slash describe the 3 month tfBaimem creams, placebo 
or MN4- retinoic dCid, Starting at base line., Error bars defwa SEM. The 
ft-values shown were derived from two-taijed Student's ^tfists. 



than the other two groups^* although the difference did not 
reach statistical significance at P < 0.05* However, previous 
studies have shown that treatment of photodamaged sJfiin 
with 5% MN for 3 inonths results in Bp. increase in stratum 
comeum thickness of more dian 50% (221, and thus the 
trend towards a higher mean value in MN/MN + R^ 
group compared with that of the other groups agrees with 
tihe known effects oiF MN on photodamaged skini. During 
the 12 weeks of retinoic add therapy, the P/P + 'RA group 
experienced a reduction in stratum corneum thlckiaess of 
approximately 24% (P = 0.006 versus baseline), but con- 
current initiation of MN use -with retinoic acid therapy did 
not result in . stratum corneum thinning- The ilifietence in 
stratum corneum tluckness between the P/P + RA and 
P/MN + RA groups at 12 weeks of therapy was highly 
statistically significant {P == 0.005), even though the n in 
diis pilot study was only 7. Stratum cort^etim thicldiess oif " 
the MN/MN + RA group decreased by approximately 2% 
(not statistically sigtiificant), but the difference in stratum " 
corneum thickness bctwren this group and the F/P + RA 
group at 1^ weeks was highly statistically sijgnificant {P = 
0-003)* These data show that lise of MN niitigiates stratum" 
comeum thinning associated -with retiixoic add therapy. 

Myristyl nicotinate reduces retmoic add-asscxdated 
bairncx impairmenLt" as assessed by TEWL 
measuremettts 

Transepidermal w^tcr loss rates provide a noh-ihva^e 
assessment of relative barrier function '(20,26»27). Thus, 
TEWL measurements iakeh 'froin the feces of study subjects " 
were used as a surrogate marker of battier function to com- 
pare placebo- and MK-trcatcd groups. Figure 2 (panel a) 
shows the change in TEWL on the right cheek from baseline 
to 12 weeks for each group. The rates of TEWL increased in 
the P/P + RA group by approxumately 45%» a value that 
was highly statistically s^nificant (P < 0.0001) even though 
TEWL measurements made on the fece hacve a documented 
high level of variability (19). The mean rates of TEWL also 
increased in the P/MN 4- RA and MN/MN + RA groups^ 
although the changes &om baseline for these groups were 
not statistically significant. Hxe difference between the 
P/P + RA and MN/MN + RA groups at 12 weeks nearly 
reached statistical signiftcancc (P = 0,056).- Figure 2 (panel 
b) show? the time .a>\n3e.of changes from b the 
three groups- The rates of TEWL for the P/P + RA arid 
P/MN + RA groups were similar at 2 weeks of retinoic acid 
therapy, but the TEWL values for the P/MN + RA group 
were lower thereafter. In contrast, the TEWL values for the 
MN/MN + RA group were consistently lower than the other 
groups' at all time points following initiation of therapy. 
These results indicate that concurrent use of MN mii^gates 
barrier impairment and that prior plus concurrent use pro- 
vides greater barrier protection than concurrent use alone. 



930. 



2007 The Authors 

Journal compilation O 2007 Blactcwell Munlcsgasrd; ExperimentBi Der/naptogy: 16. '927-435 



PA(X1I»2S'I«)VDAT1I«2008 3:12:55 PM [Eastern StandardM]'8VR:USPT^^ 



FULBRIGHT&JAWORSKI 



Fax:2123183400 



Jan 8 2008 15:32 



P. 11 



Myrirtyl ntcotlnate and retinoic add therapy I 




Run In: P P MN 



T3 









- 











12 



Rgura 2. Effect of myrlstyl nicotinate (MN) en .rates of transepidermal 
water Joss CTEWp during retinae acid therapy. Rates of TEWL were 
determined on the right dheeks of study subjects as described in 
methods. The left panel shows the mean change in rates of TEWL from 
b^iseline to 1 2 weeks. Open bars represent the P/P group (P/P + RA) 
Cn = 20), grey bars represent the P/MN group (P/MN + RA) <rt 20), 
and black bar? represent the MN/MN group <MN/MM + RA) (n « 17). 
Psplacebo. The letters in parenthesis^ before the slash describe the 
30 day run in cream and those ^fter ihe slash describe the 3 month 
treatrnem creams, placebo or mn+ rctinolc acid, starting at base line. 
The P-vaiues shown were derived fmrri unpaired, two-tailed Student's 
f-tests. the right panel shows the per oent change in TEWL from 
basenne for the P/P + RA (squares), P/MN + RA (tnangies). and 
MN/MN + RA Cinverted triangles) groups. Ent>r bars depict 5EM. 



.Myristyi lyt co^ate imjproyes the tolerabiJity of 
retinpic acid A 

J^iwctjcii^^^ retinpic 
.add therapy.. The parametcx$. of tolerability such as scal- 
ing/peeJing and de^c of erythema were graded or a 
3-poMit scoring system. The £rcquency of less severe 
parameters of tolerabilitjr typical of retuioic add therapy 
that, included ljig^tness/dty»^^^^ stiiigmg* btirning and tin- 
gling fiiso ^ere recorded by tjie dinical graders. The degree 
o£ scaling/peeling vfas very low in all groups, remaining 



below 0.3 on the 3-poiht scale, and the degree of erythema 
also was. fdativtJy.lbWJas .all scpres \yere at l.O or below on " "^ 
the 3-point scale (Fig. 3»' panel a), indicatmg an overall 
high degree of tolWancc ' of the ' Olo^^^ of" ' " 

retinoic' acifl v^eia used with" a ihoist.ipzcr "tt^ce a " _ 
prior to and daring therapy, there were no statistically sig- 
nificant diflferetiices bwween the placebo and MN groups in 
either parameter, although the grading of erythema was 
consistently shghdy higher in the MN-treatcd subjects. 
Despite the low Wels of scaling/peeling Or erythema, a sig- 
nijficant frequency of less severe but commonly encountered 
side-effects of retinoic acid was observed in this study 
(F^. 3. panel b). For these tolcrability parameters, a consis- 
teut pattern was observed a$ icociicurrent use of MN with 
retinoic add decreased the frequency of tightness/dryness, 
stinging" and burrung»" while* pifdr and concurrent' MN' use * 
further reduced, the itfttjuency of each of these parameters. * ^ _ 
Aithougji the jfrequeiicy of tingling repotted was quite low 
(2%). the inddence of this side-eflfect was reduced to zero 
for the MN/MN + RA group. In addition to the dinical 
grading, study subjects completed sdf-asscssment question- 
naires that solidted information related to tolcrabihiy of 
the therapy. These self-assessments parallded the dinical 
grading in all cascS where the same parameter was assessed. 
Additionaliy» the study subjects reported a decreased fre- 
quency of comedones in the MN/MN + RA group. In 
total, the restilts show that use of MN improved the tolera-" 
bility of retmoic aad therapy. 

Myristyi nicbtanate does not interfere With and in 
some cases improves the efficacy of retutoic add 
therapy as assessed by clinical grading and patient 
setf-^assessment 

Expert ^lin^ral grading and patient self-assessment were 
used to assess the effect of MN on the efficacy of retinoic 
acid therapy on visible dinical parameters- Clinical grading 
involved evaluation of dyschromia* fine lines, shallow wrin- 
Ides, taaDe roughness and temple laxity as a function of 
treatment time (Fig. 4). Despite some dijQferences ih the 
degree of initial photodamage between the groups, similar 
rates of improvement for all three groups were observed • 
for each of the parameters evaluated. The improvements 
were statistically sigiiificant relative to' baseh'ne (? < 0,05) 
at many of the time points. For tactile roughness, the 
MN/MN + RA group consistently" showed greater improve- 
indxt i&bm weeks 4" to" 12 "compared with' the P/P + KA * 
group, although the difference did riot reach stkdstical sig- 
nificance at P < 0.05." Gi^adijQg of teinple laxity showed * a • 
statistically significant greater improvetnieht at 12 wieeks 
(P = 0-01) in the MN/MN + RA group compared with the 
P/P + RA group and a trend foi: greater iinprovedOient in 
the P/MN + RA coScnpared ^vith P/P + RA was observed " 
that did not reach statistical significance at P <; 0.05/ 



e Z007 The Author? 

Journal compilation .© 2007 Blaclcwell jVlurtlcsgaard. £)5perf/nenf*/ Ovmatohgy, 16. &27-935 



931 



PA6E11/2S'RCVDAT1/SI20083:12:5SPM [Eastern Standard T^^^^ 



FULBRIGHT&JAWORSKI 



Fax:2123183400 



Jan 8 2008 15:33 



P. 12 



I Jacobson al. 



(a) 3.0 




Figure 3. Effect of myristyl nlcotinate (MN) 
on side-effects assodaicd with retiaoic add 
therapy as assessed by cHnical grading- (Panel 
a) Effect of mynstyl nicotinate on the severrty 
of seating/peeling and erythema ai assessed 
by clinical grading. The degree of severity was 
assessed on a 3-point dinlcal scale and mean 
values were determined for the 
placebo/placebo {squares) (n s 20). 
placebo/MN (triangles) (n = 21), and MN/IS/IN 

.(inverted triangles). (n = IS) groups. Error ban 
represent ^M. (Panel b) The incidence of 
tightness/dryriess, stlngirig, burning and 

' tingling side-eipfecb. Open bara represent the 
P/P group (P/P + RA) (n = 20). grey bars 
represent the P/WIN group (P/MN + RA) 
(n = 21), and black bars represent the 
MK/MN group {MN/MN + RA) (n = 19). 
P = placebo. The letters in parenthesis before 
the slash describe the 30 day run in cream 
and those after the slash describe the 3 
month treatment creams, placebo or MN+ 
retinoic acid, starting at base line. Inddervce 

. rates were determined from dijnical.gradir^ .. 
at 2, 8 and 12 weeks. 



Patient sdlf- assessment of efEcacy groups using MN rat«d 
efficacy higher thaw subjects in the P/P -f RA group in all 
categories examined. Thes« results itidicate that concurrent 
or prior. and concurrent use.. of MN. does not interfere ^h 
retinoic acid efacacy and that MN use can result in 
improved cfi&cacy m some cases. 

Myristyi nicotinate does not Inteyrfere with efficacy 
of retinoic acid therapy as assessed by analysis of 
9kxfx biopsies 

Retinoid therapy is associated with an initial decrease in 
epidcrrnal tliickness and then after approximately 6 months 
of therapy . . .an increase in epidermal ..thickness (lj6,7). 
Changes in epidermal thickness in. each of the groups over 
the 12-week course of the retinoic acid therapy were 
assessed (Fig. 5). The inean. values for the P/P + RA, 
P/MN + RA, and MN/MN RA:groups at the baseline 
were 37.9. 38.8 and 39.3 frni, respectively, which were not 
statistically significantly different even though the use of 
MN for 30 days showed a trend towards increased epider- 
mal, thickness^ which is known to occur with aii MN treat- 
ment, over , a.,. longer period .of .!time (22). The mean 
epidermal thickness of the group receiving retinoic acid 
and the placebo cream decreased by approximately 5% over 
the 12-week study, likely due to the limited duration of the 
study The epidermal thickness of | the .group concurrently 
receiving MN iincreased by approjomately* 3%, and the 
group receiving MN prior to and. concurrently with reti- 
noic .acid, increased by. approjdnjyatyy 10%. The dificrcnce 
between the P/F + RA and MN/MN + RA groups at 



12 weeks was statistically significant (P ^ 0.0007) » while the 
difference between P/P + RA and P/MN*-^RA groups 
showed a trend but did not reach statistical significance at 
P < 0.05. The. difference bet>vecn the. P/MN f/RA ,3ixd . 
MN/MN + RA groups at 12 weeks also reached statistical 
sj^nificance (J^ = 0.05). The results of epidermal thickness 
dctcmunations support the possibihty that MN use acceler- 
ates the efficacy of fetinoic acid therapy. 

Tbie effects of MN on the frequency and localization of 
Ki67 as a marker of jpfoliferatidh and on the intensity of 
loricrin staining as a marker of difforenuatioh were assessed 
by immunohistochemistry. In all cases, Ki67-positive cells 
were located in the lower half gf the cpidcnnis aad there 
was no e£Eect of the 1 -month run^'in period with MN in 
comparison viixh the placebo on the percentage of Ki67- 
positive cells (data not shown). Retinoic add tibtcrapy 
increased the frequency of Ki67-p05itive cells by 9-19%, 
consistent with a previous study (28), but there were no 
statistically significant di^erences between groups using 
placebo or MN formulations (data not shown). The 
J -month use of MN ' resulted in si statistically significant 
(P = 0.01) increase in the intensity of loricrin (Fig' 6, panel' 
a). In panels b, c, and d of Fig. 6 loricrin staining intensity 
of each of the three groups is compared at the initiation of 
retinoic acid therapy (baseline) and following 12 weeks- In 
each case, a statistically significant increase in staining was 
observed. These results indicate that both' MN and retinoic' 
acid 5timulat;e. increased loricrin expression and that MN 
docs not mterfere with the ability of retinoic acid' to stimu- . 
late loricrin expression. 
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Figure 4. Effca myristyl nicotinate (MN) 
on efficacy of retinoid acid therapy as 
assessed by clinical grading. Clinicat 
gssessment on a 5-point scale of five 
parameters associated with efficacy of retlnoic 
acid therapy for facial photodamage over the 
course of the Study was completed AS. 
described in 'Methods'. Mean values were 
determined for the P/P + RA bquares) 
(n = 20), P/MN + RA (triangles) (n^Z^\ arid 
..MN/MN ^_ RA (ioverted.triangre5}^(rt = .1?) " 
^ .grouFE/.lihe (etters before the slash. describes^, 
the 30 day run in cream and those after the 
slash represent the 3 month treatment period 
creams, placebo or MN+ retlnoic add. 
Starting at base llr\e. Error bars represent 
56 M; data poims marked by * indicates 
P < 0.05 versus baseline using paired, 
two-tailed Student's t-tests. The P^value 
shown In the lower right panel was derived 
.from an analysis of variance (ANOyA);wrth 
paired comparisons (Fisher's LSD) bet^A/een 
the P/P + RA and MN/MN + RA groups. . 




Discussion 

The correlation between stratum comeum thitxning (Fig. 1) 
and iicreased rates of TBWL (Fig/2) support the hypothe- 
sis, that stratum _oprncum opm^ is a factor in barxier 
impairmeot associated -ivith retinoic add therapy; In the 
study reported here, changes in stratum corneum thickness 
have been deternjijaed in parafiSja-embedded samples sub- 
jected to the same, conditions ofpreparatioD as the placebo 
samples. VVhUe prior studies have shown that the thickness 
of the .stratum comeum is less in parafi&n sections com- 
pared with firojen sections (29), paraf&n sections have been 
used to assess stratum comeuui morphology and changes 
in thiduiess in nuniErOus studies (7t^(h^2), Previous stud- 
ies of the cjfifccts of MN on photodamaged skin have shown 
that .this agent stim^l^tes.i^cT.E^:?/^ both epidermal and 
stratum comeum thickness and result* in increased banier 
function as evidenced by dOTeascd >ates of TBWL (22). 
6ur xesults here show that cpncuttent and prior plus con^ 
current use of MN reduces ^ stratum comeum thinning 
(Fig. 1) and reduces the increase in rates of TEWJL in sub- 
jects on retinoic acid therapy (Fig- 2). A possible link 
between barrier impairment and the irritation potential of 
retinoic acid^js supported by studies o£ other dermatology 
conditions that link barrier impairment with high irrita- 
tion and/or inflammation potential (33-35). The results 
presented in .this study support this link as the ability of 
MN to reduce stratum oomeum thinning and reduce bar- 
rier impaiirnfiOt was coinddent with a reduced frequency 
of tightncss^dryness, stingingj burning and tinghng sidc- 



efifects (Fig. 3, left panel); It is mteresting that lymonth 
pretreatfnent with M^I showed a pattern of less side-effects 
than did use initiated concurrent with ijoitiation of retinoic " 
acid therapy (Pig. 3} and that the improved tolerabihty was 
coinddent with positive effects of pretrcatmcnt on 
barrier impairment as assessed by TEWL measnremaaits 
(Pig. 2). As previous studies have observed that JMN-related 
increases' in stratum corneum and epidermal thickness and 
decreases fates of TEWL in photodamaged skin arc 
progressive over a period of sevefal months (22), additional ' 
studies on optimizixig duration of pretrcatment \vith MN 
on retinoid therapy for skin photodamage and possibly 
even acne are' warranted* The feasibility of such studies is 
suggested by the exceUent tolerabihty profile of foimula- 
tions containiiig MK (22). It was also noted that a'dighlly 
higher grading of erythema in subjects using MN was 
observed- Prior studies of actinic skjud damage have shown' 
that MN treatment results in changes iJDi skin tone (EX. 
Jacobson, unpublished data)* aind whether this or other 
mechanisms led to the sliglitly higher erythema scoring also 
needs to be' examined* 

A key question addressed in this study ^vas whether MN 
would negatively affect the cfi&cacy of retinoic add therapy. 
The results of clinical grading {Fig. 4) and of patient sdf- 
assessmetits argue that this is not the case. Sindilaf rates of 
improvement were observed between placebo and MN 
groups, and for temple laxity at 12 wetdks, a statistically sig- 
nificantly increased efficacy v^as observed with the iise of 
MN. The epidermal thickness nieasurerachts reported here' 
(Fig. 5)' also indicate thai MN use docs not interfere with 
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Figure^ 5. Effect qf myrisiyl nicptlnate (fyiN) on. epidermal thickness 
during Wnoic add therapy. Biopsy sarriples froir^ the beriortjitai regions 
were obtained at baseline and 12 weeks, H&6 stained, and analysed for 
epidermal thickness. The number of biopsy samples analysed was 7 in 
each group. Open bars represent the (P/P + RA) group, grey bars 
represent the (P/MN + RA) group. 8nd black bars represent the 
{MN/MN + RA) group. The letters in parenthesis before the slash 
describe the 30 day run ir^ cream and those after the slash describe the 
3 month 'Oreeimeht creams, placebo or fylN V retinoic acid, starting at 
. base line, p. = placebo; RA = retiriqfc acids. Error. bap depict SEM. The 
lvalues shown were derived from unpaired, C^Ayp-tailed Student's f-tests. 



efficacy and are coi>5istent with the possibility that MN 
accelerate$ the efficacy of retinoic add, although it is also 
possible that tiic[ differences pbseived . reflect the known 
property of MN to enhance epidermal thickness in photo- 
danjaged skin (22). The inteiisity of loricrin staining was 
used as a marker of differentiation and the results show 
that MN alone stimulates loricrin expression (Fig. 5, panel 
a), that retinoic acid Lncrca^e^ ioncrin expression (Fig. 5, 

* j)aiiel. >),.OTnsKtOT^^ previous reports (32). and that 
MN does not interfere with increased loricrin expression 
during retinoic add treatment (Figl 5, panels c and d). In 
totaJ, .pur. results ^dp not inc^cate any deleterious effect of 
MN on retinoic acid therapy. . * 

The progression of actinic skin dainage inWve$ 

. increased proliferation and dc-diiSfeirentiation of dones of 
dajoaaged cells in the epidermis that can progress to actinic 
keratosis lesions and non-nxelanonaa. skin, cancer (21). The 
ability of retinoic acid to reduce atypical cells in actinic 
skin . damage . suggests that it may. provide skin cancer 

..prev^ion benefit (11) . Xhe^ abiiity of oral retinoic acid to 
reduce skin cancer risk has been reported (36), providing 
additional. supppiT for a possible role in skin cancer pre- 
vention. The ability of MN to promote epidermal differen- 
tiation as evidenqed by increases m epidernud and stratujTi 

. corneum . thicknes.s (22} .and Joricrin c3q>ression (Hg. 6) 
raises the hypothesis that this agciit also" may 'liinit the 
progression of early- Stage actinic skin damage to actinic 
keratoses and. npA-.melanoma ..skin. .cacQ Other studies 




Hgure 6, Effect of myristyl nicotinate (MN) on loricrin staining prior to 
and during retinoic acid tKerapy. The Intensity of tortcrin staining was ' 
determined as described m 'Methods'. < Pa nel aV Compares" relative' 
staining intensity fallowing the 1 -month mn-in period with plaCGbO 
(open bar, n = 14) or MN (stippled bar. n = 9) fonriulatlons. The 
relative staining intensity at baseline (open bar. rt = 14) and 12 weeks 
(solid bar, n = 7) is shown for the (P/P + RA^ group in panel b. (30 day 
run in cream/3 month treatment creams) P=placebo: RA=retinoic acid. 
(Panel c) Compares intensity at baseline (open bar, n = 14) and 
12 weeks (solid bar. n = 7) for the (P/MN t- RA) group. (Panel d) 
Compares intensity at baseline (stippled bar. n = 9) and 12 weeks (solid 
bar, n = 9) for the (MM^MN + RA) group. The P-values were 

determined using an unpaired Student's r-test for panel a and a paired 
two-sided Stud«'nf s ^test for panels bV cj and d. 

also support the concept that optimal niacin status may 
liinit carcinogenejjs via enhancing genomic integrity 
(37,38). Indeed, the possibility that the corhbined use of 
retinoic acid and MN may dBTcctively hxpit progression of 
actinic skin danuge deserves consideration. 
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Abstract The cffictS of nj>Tisryl nicotinate (MN), a nicOtmic acid 
derivative. dcMgned to. deliver xxicotinic apid to .skin without 
vasodilatation, OA subjects witii photodainagtd skin have been 
Studied. MN inaeased skin cell oicotinaimdc adcnin* dinucleotidc 
(NAD) by 25.96 (J> ^= 0.001) ^draonstoating ^Sec^y*= delivery of 
. lucQKtinic add tO sfciJDU Relative tO placebp* MN trcatmeixt of 
photodaxnaged facial skia increased stiatutn comcuxn thidcnes$ by 

. appxQOTjatdy; 70% (F = O.OOOl) and increased epidermal 
thickness by appro:dm"ateity 20% (P ^ O.bOl)-" In two separate 
studies, MN treatxncnt increased rates of epidermal renewal by 6% 
(p = 0.003) to 11% iP =^ O.obl) and increased the miniraal 

" erytheinal dose by 8^9 '(P"== O.Oi) wxd'l0%"C^"= 0.05) fclaiive to 
placebo. MM trcatineiJit resulted in reductions in the rates of 
trajwepidermal water loss (TEWL) of ^'praadmat<Iy 20% relative 



to placebo Ott cheeks (? = 0.012) and aims (P = 0.017) of study 
subjects. Results of a tape sirippipg challenge before aiid after MN 
treatment demonstrated a sigiiificaiit correlation CP = 0.03) 
between increased skin NAD content and resistance to cha^jges in 
TEWL for MN treated but uot placdso subjects. Rates of TEWL 
changed more liapidly and tb a greater extent In atopic subjects 
compared ynih tM>£Oaal subjects. The results indicate that MN 
enhances epidermal difierentiation and barrier function in skin, 
suggesting that 'tfois method ol nicdtiiuc add delivery iniy ^rove' 
useful in limiting progression of actinic sldn damage and possibly 
in treating otK^ conditions involving sldn barrier impainnent. 

Key words: atopic skin - epidermal differentiation - niadn/NAD 

- photodaraagc - skin barrier functign 
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Introduction 

Ghronic solar exposure to skin (photoaging) is associated 
with muJtipie alterations in structure and function (1-3). 
These, changes include rearrangement of collagen and elas- 
tic .fibres, in the extracellular matrix of the dermis, itregu- 
ladte in melanocyte and keratinocyte morphology in the 

epidCTDnis. (4)*. decreases in stratum .cojrneum tliickness, flat- 

.., .tqung...of jjie 4^rm 5), and 

impairx»ent of skin barrier fiiinctioii (6-3)- Early stage pho- 



Abbreviations: H6tB, bacmatoxyiin-eosin; M£D> minimal 

crythenwl doscj MN, myristyi nicotinate; PAJBP, poly(ADP-ribose) 

. polyroerase; ROS, reactive oxygen. species; TEWL, transepideixnal 
water loss; UV, . ultraviolet Jight j . 



todamage caii result in skih hyperpigmehtation, loss of sldn 
smoothness and wniijkUng -whiJe later stage photodanaage 
can result in development of actinic (solar) keratosis^ a 
hypcrprolifcrativc lesion thought to be a condmiuin with 
non-inelaiioxna skin cancer (9), and to ihelanonaa skin can- 
cer (10). While use of sunscreen* represents a front li«e 
strategy for limiting actinic damage, their efficacy is still 
.limited by inadequate us^, iAcompletc spectral protection 
and potential' dermal toxidties ' (iVT- Tbw other" 
approaches to limit tbc pro&ressioh of skiii damage cocdd 
cbmpUment the use of sunsigreexxs [1% 13). 

Fredimca] studies suggest that nicodnic add may pro- 
vide benefit to photodamagcd $kxn by mechanisms that 
involve both nutrient ajad drug ' effects of this agent. 
Regarding riutrient effects, nicotinic acid and tbe otber B3 
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vitamer/ luacmaimde^ can serve "as precursors to mcotuii- 
mide adenine dinudeotide (NAD), albeit by <li£fcrent meta- 
boUc pathways. (14). ttc oxidized form of NAD is 
consumed as a substrate in pplyCADP-ribosc) polytnerase- 
i/2 (PAKP-I/i) i^tal)^€d reaction^ that promote genomic 
stability following DNA damage $uch as that caused by 
ultraviolet (UVj light (L5, 16). UV ejqjosnre can lead to 
depletion of NAD in skin celh and intact skin, resulting in 
insujeacient NAD available £ox PAIlP-1/2 activity (17» 18). 
Supplementation with nicotinic add at levels, that increase 
skin NAD content inhil>its UV-indiicisd carcinogenesis and 

. photoimmime . suppression in. an janimal. model (19). NAD 
jfunctions as a hydride ion acceptor and donor in biological 
redox reactions central to energy metabolism, and as a 
large o;t^an .with a high, rate, of turnover, the epidermal 
compartment of skin Ha$ a high-energy requirement (20). 
NAD is the precursor for NAPPK (21), which is essential 

. iox synthesis of many lipids including ceramides important 
in skin barrier function (22), and serves as the source of 
reducing equivalents for ccUiuIar antioxidants needed to 
counter UV induced reactive pjygcn species (23). Regard- 
ing drug effects, a G-protein coupled nicotinic 3cid recep- 
tor (24, 25), . present in sidri (26), is likely invohred in 
release of the cytokine leptih (27)". In skin, Icptin-mediated 
signaning . pai^xways .sh protective effects that include 
enhancing epidermal dififerratiation (28-30) and wound 
healing (31, 32). 
We report here clinical evaiiwtions of myrist)d nicotinate 

. (MN)i a lipophilic derivative .of nicotinic add developed to 
deliver nicotinic add to skin following topical application 
(33). Our results indicate that this approach to deliver 
nicotinic add to skin offers a new tool for matiagement of 
skin photodamagc. Additionally, the ability to enhance skin 
barrier fimction suggests that MN. may benefit other der- 
matology conditions that involve barrier impairment. 

Materials and methods 

Overview of clinical studies 

Data obtained from three r^ir\ira\ studies are described in 
this iconimunicatioxx.. Ail ..smdiies were conducted in accord- 
ance with applicable Good Clinical Practice regulations and 
guideUnes and Xjostitutipnal Review Board (IRB) regula- 
tions. All subjects were required to reiad and sigh an 
IRB-appfoved Informed Consent Form. Sample si^e was 
determined enxpirically. Each subject who qualified for 
enroiiinient was assigioied a subject „ number that was used 
on all subject documentation. These unique numbers were 
assigned iri ascending order 'using a computer-generated 
..randomization schedule developed by the contract research 
organization" (OT^ trial. Numbers were 

concealed untH after the intervention \'rzs assigned. Each 
CRO enrolled and assigned subjects to groups. All partid- 



pants, those adininistenrig the ihtervehtiohi", and those 
assessing the outcomes were blinded to group assignment. 
Analyses were not by 'intention-to-treat^ but biily on those ' 
who completed the study. Two occurrences of aUei^c or 
adverse reactio his to the forinulatiohs were noted in the 96 
subjeas who enrolled in these studies. Both of these were 
dassified by dinical ^valuators as a mild rash aptpeariiig 
within 24 h of the first appUcation» possibly rdated to 
study product, which resolved in three and 9 days, rcspecl- 
ively> and both subjects contuiued in the study. Analyds 
was restricted to subjects with complete datascts, thias the fi 
for some measures differs slightly because of missing data 
points. 

Study 1 

^tady I was an 18-week assessment (12/06/00-04/12/01) 
conducted by the Skin Study Center, Broomall, Pennsylva- 
nia, USA. It involved 16 healthy adult females between 35 
and 45 years old with Fitxpatrick Skin Types I-IV. Subjeas 
applied a simple, oil in water lotion containing 1% MN to 
one total forearm (complete coverage wrist to elbow) 
and placebo lotion (myiistyl myristate in the placebo 
replaced MN contained in the acftivc) to the other total 
forearnft in a double-blinded protocol. AU applications were 
0.5 ml once per day per site (1 mg/cm^). Individuals were 
ineligible "i£ in the* opinion of the investigator", they had 
known allergies or sensitivities to products; ejdubited any 
skin disorders on the test areas of the fece, upper iniier 
arms or volar .foreditns} had known medical conditions, 
such as diabetes, that could affect wound healing or; were 
using medications which might have influenced the study 
(e.g. prescription strength steroids, anti-inflammatory drugs 
or topical medications). Subjects were ineligible if they 
were pregnant or nursing. 

Stwtyl . ...... ... 

Study 2 Tvas a 12-week randomized, double-blind, placebo- 
controlled evaluation of the effects of a 5% MN formula- 
tion on human skin" NAD and photo'aging paramteterS- It 
was conduaed (12/12/02-04/07/03) by Thomas J. Stephens 
. & Associates. Colorado ;springs,. CO,. USA. Female subjeas. 
ages 35^0, with a Fitsqpatdck Skin Classification score of 
I-IV, moderate to advanced photodamaged skin defined by 
a Modified Glogaii Classification of I-m (34)» and signifi- 
cant dysdiromia on the face determined by a score of >4 
on the lO-cm visual acuity scale, participated in the study. 
The mean age was 48-2 ± 6 8 ^d 85% were Caucasian antf 
15% Hispanic. Subjects were randomly assi^ed to one of 
two groups of SO (active or placebo where the formulations 
vrerc identical except that mytistyl myristate in the placebo 
replaced MN contauua the active)/ Tdt mateHais W 
applied to lace and total forearms of subjects each morning 
and evex3ing, 0.5 ml to the face (1 mg/cra^) and 1 ml to 
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each arm (2 m^cm^). A separate of atopic subjects, 

qualified for a substudy by having confirmedi atopi(i criteria 
based on a questionnaire validated by the CRO, partici- 

.. patcd ^ouJiy in .TEWL.mea.suro5oent6 oh the volar forearms. 
Subjects were rcqiured to be >villing to avoid direct sun 
exposure on the foreauns and the use of tanning beds for 
the diiratipn of the stud// Individuals were ineligible if, in 
the opinipn pf the investigator, they had known allergies or 

/ iiensidvities ..to . products |that may have influenced the 
Study; exhibited any skin disorders on the test areas of the 

. fecc, upper inner. arms. or volajc forearms;. had known. med- 
ical conditions, such as diabetes, that, could aiGfcct wound 
healing or; were using medications which jnight have influ- 
enced the study (e.g. prescription .strength steroids, anti- 
inflammatory drugs, or topical medications). Subjects were 
incligibk if they were pregnant or nuising. Other exclusion 
criteria included; hypertensionl or .uncontrolled metabolic 
disease, such as thyroid <ii5ease; kniowii sensitivity to alpha- 
and beta-hydroxyacids or lactic add; use of products con- 

. taining hydroxy adds, or . retinoids within 1 month of 
enrollment; partidpation in dansyi chloride patch-type 
studies within 24 months of enrollnient; and/or concurrent 
participation in cUxucal studies, involving the arms. 

■ •. Study 3 . 

Study 3 involved an 8-week double-bhnded> placebo- 
controlled study to evaluate biophysical effects of formula- 

. .tions. containing . niacin. .. derivatives, on skin . The subjects 
were females in . ge^ienlly. good. , health with Modified - 
Glogau Classification, WI; Fitzpatridk Classification, I-III, 
between the age of 30 and 60 years wi± a mean 352 of 
..44.1 ± 73 where 92% were Caucasian, 6% were Hispanic 
and. 2% were .HispaDjc/Caucasiaii. Jhe study was conduc- 
ted (06/14/05-10/08/05) by Thomas J- Stephens & Assod- 
ates, Colorado Springs, CO, USA. Twenty subjects were 
cxeuxuned at baseline and wiedks 2^ 4, and 8 during use of a 

. .5% MN .foniuilation applied, to. one . total forearm and a 
. placebo formulation (fbrmulations were, identical to those 
in Study 2) applied to the other total forearm (arm assign- 
ment, based on a predetermined randomization provided 
.by .the.. test .fe.dlity) .{2 mg/cm^).. Iniclusion and exclusion 

. . criteria and .doses were the same, as .described jbo Study 2. 

Skin biopsy analyses 

A board-ccrtiixed. dermatbiogist collected a 4-mm pundi 
biopsy from the dorsal forearm of 20 randomly selected sub- 
jects (nine in placebo and 1 i in the MN group) at baseline 
and after 12 weeks, of treatmerit in Study 2, Samples were 
stored at -80"^ C and NAP was measured as reported previ- 
ously (35). A 2-mm periocular punch biopsy was taken by a 
boafd-oertificd dermatologist at baseline (r^t side) and 
12 weeks (left side) on randomly selected subjects in Study 
2. The biopsies were formalin -fixed, embedded in paraffin, 



cut into 5-pm cross-sections, mounted on shdes, and stained 
with haematoxyiiii-eosin (H&J&). Images were taken of 
H&E-staincd cross-sections with a Nikon Edipsc TE300 
microscope using a 1 Ox by 0,'45 ApcKhTX>mat objectiye and a 
Coolsnap Photometries dj^tal CCD camera, imagbj soft- 
ware* (NIH) was used to analyze the* linages. Supriapapillary 
epidermal thickness (as measured fi-om the top of the der- 
mal papilla to the top of the granular layer) and stratum 
co.rneum thickness (as measured ^fipm the top pf the gran- 
ular layer to the top of t&e jtratujai corneuTO) were meas- 
ured at five diff^cnt sites ^d the average wa* calculated. 

Stratiini cofnciim tiitiiover deterimhafion 

Application of test formulations to the right and left upper 
iimer arms began following baseline assessments. A 5% 
dansyi chloride sus^jcnsion in white petrolatum was applied 
under ocdusion on each site after 4 weeks of treatment. 
Svn hour later,' a second application' was ma'de and the 
dressings renewed. After 24 h, the ocdusive dressings were 
removed and. the test, sites, were washed. After drying* ea.ch 
site was examined under a Wood's lamp and the accepta- 
bihty of staining determined. AppHcation of test formula- 
tions resumed on the evenii^ the dye patches were 
teinoved. The degree of residual staining j&rom the dans^ 
chloride was assessed three, times per .week by a clinician in . 
blinded fashion for 4 weeks or until all sites were no longer 
fluorescent under Wood*slamp iHuminatipn. 

Mimtxxal erytJxemal dose (ji^D) detdrmiiiation 
Minimal crythemal dose is defined here as the time of ligjht 
exposure produdng a mitiimally perceptible erythema reac- 
tion discernible 16-24 h after irradiaiion with a single port 
solar simulator {Solar Light Co., Philadelphia, PA, USA) 
equipped with a 150-watt xenon arc lamp (Model 16S, Solar 
UV Simulator, Solar Light Co.). A spectral output similar to 
that of the natural sokr spectrum (emissions of UVA-hB, 
290-4QO tun) was obtained by using a combination of th* 
UG-5 or UG-U arid WG-320 filters (Schott Glass Tedinol- 
ogies, Elmsford, NY, USA), The output of the solar simula- 
tor was monitored with a'3P-600 m (Solar Light Co.), and 
cahbrations occurred just prior to use. After 18 weeks of 
test formulatiqn, use in Study 1 and 12 weeks of use in 
Study 2, M£p..wa|Si. deterjiinined.'by expos.ing six squares of., 
sldn on the volar forearms to varying doses of UV. Each- 
irradiated site received 25% rhore' exposure than the previ- 
ous site, starting at 0.64 of the estimated MED for that skin 
■ type (0.64, 0.8, 1,0, 1.25, 1.56 and \S5 times the estimated 
MED) and 16-24 h later, the MED was determined by the 
site that exhibited the least perceptible erythcma. 

Transepidexmal water loss (TEWL) measutemetit 

Subjects were equilibrated to ambient conditions .for at 
least 20 min and maintained between 66 aad 72*F and rd- 
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.!ativc huraidityr o£ ISr-SSyo. A. Dermalab instrument was 
used tQ measure TEWL at two points on the right volar 
forearm and left outer lower dieek, averaged oyer a 1-min 

" .mcmrwenvpejipd. '':-| 

The right anterior volar forearm comprojoaised by 
applyinig acetone to the forearm for 30 5» then applying 
sind rimoving" iq strips of 1" iienderm tape in a cross-wise 
pattern. TEWL measiu^ment$ ' !wdre made before and after 
tape stripping as described above. 

Results 

A topical MN foimulatioxL [derates NAI>> a bio- 
marker of niacin delxvety^ in human skin 

^dn JtMD. content was used as a. biomadter. of mcocbaic 
add delivery fbllowLng topical application of formulations 
containing MN- NAD provides a bib^narker for all phases 
of delivery including partitioning from stratum comcurn to 
living layers of the epidermis, conversion to nicotinic acid 
by skin esterases, and cellular uptake and bioconversion to 
NAP. Twenty subjects completed a phase of Study 2 where 
4-inm punch biopsies of the forearm were obtained at 
baseline and after 12 weeks use of test formulations. These 
subjects were randomly assigned to placebo (n = 9) and 
5% MN groups (n = U). biopsies were processed and ana- 
lyzed for skin NAD content, escpressed as pmol NAD per 
microgram protein (Pig. 1). At baseline, the MN group had 
dighUy.'. higher . but. not " statistically sigmficajtttly different 
NAD relative to the placebo group. After 12 weeks, no sig- 
nificant increase in NAD was observed in the placebo 
group, while the MN group inaeased skin NAD to an 
average, of 125% of baseline, (i? =..0-016). The difference in 
NAD between placebo and MN groups at 12 weeks was 
idghly statisticiUy significant = Q^OQS). These data dem- 
onstrate that MN delivered, nicotinic add to skin in a man- 
ner that allowed conversion to nicotinic acid and cellular 
uptake and bioconyersw^ 

MN proiuotes epidermal differentiation in photo- 
damaged ddn without increasing photosensitivity 
The effect of MN on. epidermal histology in photodamaged 
skin ,wa5 evaluated by comparison of cheek biopsy samples 
from placebo and IvIN-tieated subjects firom Study 2 at 
baseline and after 12 weeks of application. Increases of stra- 
.tum.comeum thickness are ^sodated with increased epi- 
dermal dififcrentiatxon and impaired differentiation 
resulting in decreased stratum! comeum thickaess occurs in 
atopic dermatitis (36). Visible. increases in the stratum cor- 
ncum thickness and in epidermal thickness as a result of 
increased ceUularicy . were observed for subiccts receivij^ 
. MN. An cjcample is shown in Jpig- 2, where (a) shows a pla- 



.P = 0.016. 



s 




Basdilna 



12 Weeks 



Figure 1. Effects of myrtstyi nicotlnate on sKin nicotinamide adenine 
dinud^tide (MAO) content Skin punch UopsJes obtained Irt Study 2 at 
basdine ?.nd 12-weeKs pret-treatment from the forearm were analyzed . 
for NAD content which is expressed relative to protein. Solid bars 
represent subjects randomized to my ristyl nicotinate treatrnertt (n ^ M) 
and open' bars represent subjects iri'tiie" placebo group (n'= 9). The 
values shown are group means ± SEM and the P-values were derived 
from a paired, two-iatlcd Student's t-test for within group comparisons 
ar;d unpaired analyses for between group comparisons. 

cebo subject and (b-d) show subjects that applied fbrmula- 
tions containing 5% MN. Data summarising changes in 
stratum corneum and cpldeim^ thickness for all subjects 
(Fig, 2c and f) demonstrated a hi^y signiftcant difference 
from baseline to 12 weeks between MN and placebo-treated, 
groups'for hbth parameters (P =^ O.OOOl, bdth parafaeters, " 
n = 31 for MN ajad 27 for placebo); The mean increase in 
stratum coraeum thickness in the MN group was appro:d- 
matdy 70% (6-35 fnn) while the placebo group increased 
only slightly (0.89 ;«n)- Epidermal thi<ikness' in the placebo 
group decreased by aji average of 4.47 pah (apprbximatdy 
8%) while the MN group increased in Sickness by 
7.75 /rni (appro3dmately 13%), a diflEierential effect of 
approximately 20%. 

Two studies examined the effect of MN on the rate of 
strattun corneum turnover following staining with dansyl 
chloride as a surrogate marker of epidermal renewal. Study 
1 involved treatment with a 1% MN fonnulation once per 
day and Study 2 involved treatment with a 5% fomiiilatibn 
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Basdirw . . . . 12 weeks 



"Figui^'2- Effects of myrtstyl hfcbtinate (fCiW) oh" stratum comeunn and 
epidermal thickness. Representative histological analyses of placebo and 
MN-ueated skin biopsies: H&E slides were prepgred -from peri-ocular 
skin punch biopsies from 5Ut>jects in Study 2. H&E from a representative 
placebo subject (a), at baseline and 12 V^eeks Of tneatmefrt and from 
three representative subjects treated with MN (b-d) at baseline and 
12 weeks of treatment. The bar in the upper right corner represents 
100 microns. In (e). the mean stratum corneum. thicknesses ± SEM for 
placebo (A) = 27) and MN (n = 31) groups^ ?re shown at baseline and 

. after .12 weeks of treatment. In .(f), the mean epidermal . 
thicknesses ± S.EM for placebo in =c 27) and MN (rt = 31) groups are 
shown at baseline and after 12 weeks. The P-values "shown are derived 
from an unpaired, two-tailed c-Xjbsi of change from baseline to 
1 2 we&fcs between groups. 

twice per day. In both studies, formulatioa? were applied for 
4 weeks prior to ^53<i$si?ient of turnover time by eyaluatioa 
of /dansyi^ fluoresc^^ ^^Y^ 
4 -weeks starting at day 6 after application to determine the 
. fi/2 for .turnover- The presence. of.MN incrc^ed the rate of 
dansifl turnover relative to placebo j>y approximately 11-3% 
in Study 1 (P = 0.001) and 6.3%. {P — 0.003) in Study 2 
(Table 1), demonstrating enhanced epidermal renewal by MN. 

As topical formulations th^t stjjtnuiate epidermal turn- 
over have been shown to result in the. occurrence of photo- 
sajositivity (37), the eJGTcct of MN on the jjiitiimum time of. 
UV. exposure to .elicit erythema iOMEpxywas .measured in 



both Study l„ahd 2i.The i:esult;5^^(Table,l),sh6w,.idiat.^ 
formulations iacrewcd' th^ MEP* by approiiroatdy 9-l'09S . 
compared vridi placebo. The results from Study 1 
approached but did not reach statistical sigjuficemce (P = 
0.07> n = 16),jwhile the .data from Study.^2'..<Hd reati^ 
tical significance at P = 0-05 (n = 24). These studies dem- 
onstrate that use of MN docs not result in development of 
photosensitavity but rather that its use can provide mild 
photoprotediOJOu 

MN enhances skin bamer function 

The importance of the skin barrier in normal homeostasis 
and its impainncnt in a nujoabef bf dermatology coni^^^ 
arc the areas of considerable current research, in dermatol- 
ogy (3d, 59). Stratum corneum thickness has been identi- 
fied as an important determinant of skin barrier function 
(40) and the abihty of MN to increase stratum comeum 
thickness in photodamaged skin (Fig. 2) along with provi- 
ding photoprotection (Tabic 1) suggested that this com- 
poimd may be enhancing skin barrier function. 
Accordin^y, effects of MN on skin barrier function were 
examined by using three different approaches. 

Changes in the rates of TEWL hsve long been used as a 
marker of changes in skin barrier function (38. 40-42). 
Accordingly, changes in rates of TEWL on both the fisice 
and arms of subjects in Study 2 were determined at base- 
line and after 12 weeks for both placebo and MN formula- 
tions (Fig. 3). Skin cream moisturizers in general have been 
shown to increase bmier jfijnctioh |(43> 44) and the placebo 
formulation in this study applied to the fecc of study sub- 
jects resulted in decreased rates of TEWL of LO g/m^/h> 
■which corresponded to a decrease of appro:ximately 11%. 
However, formulations, containing* 5% MN decreased water 
loss by approximately 2^5 g/m'^/h or 250% relative to the 
placebo formulation (P = 0,012» n = 29 for placebo and 
31 for MN groups). The rdte$ of TEWL on the arms of pla- 
cebo subjects increased over the course of the study vdiile 
the MN group decreased, "but again a* highly statistically 
significant differential effect between placebo and MN 
groups (P = 0.017, « = 28 for placebo and 30 for MN 
groups) was observed. The increase in ratca of TPWL on 
the arms of placebo subjects likdy reflects seasonable dwn- 
ges in skin barrier function, which occurred between 
December and April in the study showji.' 

A second approach to examine * effects of MN oh skin' 
barrier function involved a $tudy of the effects of tape strip- 
ping on changes in the rates of TEWL In this $tudy, the 
rates of TEWL were determined both before and following 
a standard regimen of tape stripping at bofh baseline and 
after 12 weeks. Prior studies have sho'vvn that a strengthened 
skin barrier is more resisfwit to increases m rates 'of TEWL 
following a standard regimen of tape stripping (45). The 
changes in TEWL values (JTEWL) at 12 weeks minus the 
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.Tabte..1. .Effect of myristyl nicotinste (MN) on 
epidermal renewal and M^D 



MN 


n 


Placebo 


n 


MK*d«pendont changd 


p-valu6 


Oansyl turnover time, X\a (days) 












Study 1 (1%) 17.2 ±0.44 


16 


19.4*0.41 


16 


11.3% 


0.001 . . 


Study 2 (5%) 13.4 ±0,185 


34 


, 14.3 * 0.226 


34 


. 6..44%. 


0.003 


MED (s) 












Study 1 (1%) 29.4 ±2.6 


16 


27.0 ± }3 


16 


.8.9% 


0.07 


Study 2 (5%) 48.7* 1.8 


24 


44.3 ± 6.41 


24 


10.0% 


0.05 



The tiy2 for epidermal renewal wa$ measured as described in Materials and^ methods after 4pvveek 
use of formulations. MED was detfirhih^ dGsiiriecO fri 'Msteriiab and Methdds. " " 




P= 0.017 



Figure 3^ Effecte of a 5% myri^i lilc^^^ on skin 

barrier funaion assessed by changes in rates of transepidermai water 
loss OtWU on the face and V0l3r forearms of subjects in Study 2- Panel 
(a) shows the change In TEWL rates on the cheek.from baseline to 
12 weeks while (b) shows the sanie measurements on the volar 
forcamis. Open bars represent the placebo group and the black bare 
..represent the MN^traated group. .rhe;values are mean s 5EM where, 
n = 29 and 26 for the placebo. group, in A and B. respectively, and 31 
and 30 for the MN-treated groups, respeaively- The P-values are 
derived from unpaired, two-tailed Student's f-tests. 

■ jtEWL v^iiu« at baseline (JftWLu-^TEWLg) were then 
plotted as a fu»ction of the change in skin NAD, which 
serves as a biomarker of delivery by MN {Fig. 4). In this 
plot, a value of zero represents no chajige in barrier func- 
tion between baseline and 12 weeks, negative valuer indicate 
an improvement in b^iier function and positive values 
indicate a decrease in barrier function- The results for the 
MN-trcated group (panel a) show that all subjects improved 
in barrier function (dTEWLi2-idTBW]Lo <0)- Additionally, 
a strong, correlation between die change in sjto NAD and 
zlTEWLi^-zl-TEWLo values (pearson r -0.68, P = 0.03, 
n = 10) was observed for the MN group. Cotrelation 
axxalysis (panel b) did not sHow a significant correlation 
in. the placebo group between change in NAD and 
. JTEWLii^-JTEWLo (Peawon r = 0.43, n ^ 9). , 

Studies have shown that rates of TEWL arc greater ixx 
subjects with atopic skin (38, 46, 47). Accordingly, changes 
in the rates of TEWL in a group of atopic subjects were 
compared with a normal group (Fig, 5)- While the effects of 
tixc placebo formulation were siraiJar in the two populations. 
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/>«0.43 



L35 -0.10 0:15 0.40 



-0-3S -0.10 0.15 0.40 



Change in skin NAD content, pniol/^ 

Figure 4. Correlation analysis Of Change in skin nicotinanriide adenine 
dlnucleotide (NAD) content and changes in tSWL before and after a 
tape 5tripping challenge from Study 2. The changes in transepidermal 
water loss <TRWL) values (ilTtWg at baseline rtiinus the 4tEWL values 
at 1 2 weeks <dTEWLi2-^tEWLc) are plotted &s a functtori o* tfie 
change in skin NAD, which serves as a biomarker of delivery by MN. 
Panel (a) shows the daia fbr'MKl-treated subjects' and (b) sliows the 
data for the placebo group where n = 10 and 9 subjects, respectively.' 
The Pearson rvalue for (a) = -0.6B and for (b) = -0.13. P^^ies were 
dpjived frqrii the.sama analyse as for the Pearaop r-value., ^ 




Ftgure 5. Comparison of effects of myristyl nicotinate (MN) on changas 
in the rates of transepideiVnal water loss (TEWL) in atcpic and nor^ 
atopic subjects! The time course of TEWL changes on the foreamns is 
shown in (a) for atopic subjects from Study 2 treated twice da^y with 
placebo (triangles, n = 6) and SV^ MN (squares, n = 7) and shown in 
(b) for non-atopic subjects In Study 3 treated twice daily with placebo 
(triangles, n = 24) and 5% MM (squares, n = 24). The P-valu« are 
derived frbrh a paired tWO-tdHed "Student's t-test. 
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rates of TEWL decreased more rapidly and to a greater extejat 
in atopic subjects thaja in xxon-atopic subjeas. At 4 weeks^ 
the first measurement made in atopic individuaU^ a highl]r 
" significant decrease in Xi&WL w^s observed in treated 
subjects relath'e to the placebo group (p = 0.02, ti = 7 and 
6> respectively,) while statistically ' significant differences 
wcxc joiot observed until 8* wedks in'thc normal, subjects. 

Discussion 

A number of preclinical studies indicating that nicotinic 
acid could benefit photodaiiiageci slkin by several possible 
itiediani^ms provided the basis for the clinical studies des- 
cribed here. A major obstacle to the' delivery of therapeutic 
amounts of nicotinic acid to any tissue is its ability- to 
caiise a penplieral'Vasodilatatioh that'leacfe to a skin flush- 
ing response, an eifect that is not harmful but is intensely 
disHiked by most patients (48, 49).; Delivery of nutrients 
taken orally to the epidermal compahmen^ of skin is inher- 
ently inefficient and, combined with skin flushing side 

■ efiSscts^ or^l deHvety of nicotinic acid ' to skin with high 
patient compliance seems unlikely. Likewisci topical appli- 
cation of fonnulafions cohtaining' mcotiiiic acid per se at 

' leyelfl above 0.05% is liot feasible because they dicit intense 
vasodilatation at the site of application (33)* The feasibility 
of topical deUvery. of nicotinic add. without causing vaso; 
dilatation was established by demonstrating in animal 
modds that delivery of nicotinic add by topical application 
of long ch«in ester derivatives such as MN can achieve 
delivery of relatively large amounts. of nicotinic acid with- 
out skin flushing. The rate of difiiision of the ester deriv- 
ative ^from* . .the . . stratum . comeuni.; decreases as its 
Jiipopfulicity jncreases, allowing the rate of dehvery to be 

. reduced such that.the ley^. of free ^ nicotinic acid released 
by skin esterases remain below the threshold for vasodilata- 
tion (33). Recent studies Indicate . that the sJkin flushing 
response is misdiated by activation of rece^^ on epider- 
md I^ngerhans ceUs (50) or macrophages at concentra- 
tions above 0-1 mM (51). The topical application of 

. formulations, containing up to 5% NjN did not induce skin 

. flushing in the subjects, involved ..irii thes^ trials and even 
Mgher concentrations do not cause this e£fect (data not 
showri). Using skin NAP as a bioiharker'.pf nicotinic add 
delivery, MN was shown to delivier nicotinic acid to skin 
(Fig. 1) in human subjects effectively. M tKe method asses- 
ses intracellular NAD, the increases are likely derived pri- 

..marily_£rpm. the epidermis w^ere ;the density of cells is 
much greater than in the dermis. . However, determining 
which .skill layer, is rn.b.$j: aflFecte4 k.!<3iSiPVlt„95*tbc.;paethod 
for measurement requires intact cells where NADase activ- 
ity has not been activated by disruptidii of the tissue. 

Chronic sun exposure to skin often leads to thiuning of 
the stratum comeum, sometimes referred to as compaction 



(1). Our studies (Fig. 2) siiiow that MN treatment leads to 
an increase irx stratum corneum, thidkness in photodamaged 
fecial skin that averaged appioximatdy 70% in the pppula- 
tibn studied. In the study reported fe'ere» changes in stratuka 
corneum thickness have been determined in pa raffin , 
embedded samples subjected to the same conditions of pre-, 
paration as tfcie* placebo samples." WbiJe prior studies haiVB 
shown that the thickness of the stratum comcum is less in 
paraffin sections compared "with frozen sections (52), p'aii'f- 
fin sections have been used to assess stratum comeum 
morphology and changes in thickness in numerous studies 
(53-57). The relative changes in stratum corneum thickness 
observed in this study strongly suggest that MN promotes 
epidermal dijffereiitigitiDn in photodamaged skin. This cbn- 
clusLoii also is supported by MN-stimulated increases in 
epidennal cellularity'aiid thickness (Fig 2) and. rates of 
epidermal renewal (Table 1). TheldEfcct of. MN on bio- 
markers of epidermal differentiation will be reported else- 
where (E. L. Jacobsqn et al. in preparation)- . The ability of 
MN to stimulate epidermal renewal withoiit caiising pho- 
tosensitivity* (Table 1) is H contrast to the* effects of other 
agents that stimulate epidermal differentiation. An exam- 
ple is retinoic 'acid treatment where stindulation of epider- 
mal renewal is accompanied by increased photosensitivity 

(37). ; 

Recent studies have identified stratum corneum thickness 
as a key component of skin barrier function (40, 42), thus 
the ability of MN to increase stratum corneum thickness 
(Fig. 2) provided an indication that it may improve skin 
battiet .function. TEWL measurements have httjj widdy 
used in the non-invasive assessment of stratum corneum 
function and .th? utility of jchanges.in TEYTL as a reflection 
of changes in permeability barrier status has bedi vahdated 
.(47). . The absolute valu^. of .TEWL yaty .with the .site of 
measurement, age of the individual and the presence of 
atopic skin (58, 39). In the present study, changes in rates 
of TEWL over time were assessed as a measure of ch^ge 
in barrier function. Consistent with other studies (43, 44), 
our results show that daily use of a skin moisturizer can 
improve the barrier function of photodamaged skin as evi- 
denced by decreases, in TEWL observed, with placebo for- 
mulations (Fig. 3a). However> marked additional decreases 
.in TEWL observed in. subjects .using MN indicate that this 
agent provides additional skin barrier enhancement, which 
together with the observed increases in stratum comeum 
thickness leads to the condusioh' that MN improves barrier 
function in photodamaged skin. Additionally, the studies 
reported here indicate that MN also improves barrier func- 
tion in* relatively sun-protected skin as rates of TEWL were 
reduced on volar forearms of oortxial (Ftgs 3b-5b) and 
atopic Subjects (Fig. '5a). The ability of skin" to resist increa- 
ses in rates of TEWL following a standardized regimen has 
been used in evaluation of charges of skin barrier fiinction 
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(45) and this method of evaluation also supports the con- 
clusion that MN improves barrier function (Fig. 4). 

While our studies caajaot distioiguish between nutrient 
and dhig ejects of nicotinic acid in stimulation of epider- 
mal differentiation and increased barrier function, prior 
studies surest that both mcchanisnis likely are involved, 
DNA damage is central to skin phgtodamagc and recent 
Advances in the iinderstandihg of the role of niacm- 
dependent PARPs in DNA repair mechanisms (26) and the 
requirement for relatively high ccUular concentrations of 
NAD' for optimal PARF activity (16, 60) support a possible 
role of niacin as a protective! skin micronutrient Niacin 
deftdencies can mimic radiation- and chemical-induced 
DNA damage in terms of increased single- and double- 
Strand breaks and/or oxidative, lesions (61-63). Conversely, 
enhancing NAD in skin is associated with mhlbition of 
UV-induced skiri caiicer and immunesuppression (19). 
Niadn-dcrivcd NAD has long been known to be essential 
in energy production and the' constant rene^val of the epi- 
dermis, makes, this, compartment of skin vulaerable to 
micronutrient losses and UV; exposure can cause further 
depletion (18). Niadn-derived. NADPH is essential in the 
formation of several lipid components of the stratum cor- 
neum that are important determ^iaiits of epidermal barrier 
function (64). Thus, it seems reasonable to postulate that 
improved niacin status reflected in increased NAD and 
NADP content would benej&t epidermal di£ferentiation and 
maintenance of the epidermal Ibanien Finally, the presence 
of a nicotinic acid receptor present in skin (26) and the sti- 
mulation p£ leptin, release (27) support a drug effect of 
nicotinic acid as leptin has been sho"\vn to exert protective 
efifects that include stimulation of epidermal differentiation, 
wound .hcalix^ and. inunune ftuqctip.ti (28^30, 65-67) . 

It is interesting that formulations containing the other ]B3 
vitamer, nicotinamide^ improve rosacea (68) and acne (69) 
and formulations containing l-methylnicotinaraJide improve 
rosacea^ (70) .iNicotmi^ inelanosoxne trans- 

fer in iiyperpigroentatlon (71) jand anti-agmg effects of for- 
mulations containing nicotinamide have been reported 
(72). The effects of mcotinamijde likidy involve mechanisms 
distinct from MN as topical^ application of formulations 
containing nicotinamide did riot, affect skin NAD content in 
a similar clinical trial where subjects applied a nicotinamide 
(4%) containing formulation for 8 weeks (E. h. Jacobson et 
.aL, manuscript in preparatioii). Further, nicotinamide docs 
not bind to the nicotinic add redsptor (25). 

The ability of MN to stimiiate epidermal differentiation 
and barrier fi;ncc5on in skin suggests that this agent may be 
useful in limiting the ejBfccts of skin photodamage either 
alone or in combination with Other agents- The develop- 
ment of abnormal cell populations that can lead to actinic 
keratosis and non-melanoma skin cancers involves progres- 
sive ceQular dcdififerentiation. Agents that promote differen- 



tiation may limit progression of abnormal cell populations 
in these clinical conditions. Any prevention strategy requires 
long-term comphance with therapy, which in turn requires 
a strong record of safety and tqlierability in addttioii to effic- " 
acy. The use of nicotinic add for modiEcntion of blood 
lipids has established a $trong record of safety for this agent 
(49) and the ability of MN tp deliver therapeutic arnounts 
of nicotinic add to skin without the skin flusinng side 
effects provides tolcrability long lacking for this agent. 
Finally, the ability of MN to stimulate bkixier fuiictio:ii may., 
benefit other conditions such as atopic dennBtjiiis where 
skin barrier function is compromised (39, 73). 
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